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Resonant laser scattering along with photon correlation measurements have established the atom- 
like character of quantum dots. Here, we present measurements which challenge this identification 
for a wide range of experimental parameters: the absorption lineshapes that we measure at magnetic 
fields exceeding 1 Tesla indicate that the nuclear spins polarize by an amount that ensures locking 
of the quantum dot resonances to the incident laser frequency. In contrast to earlier experiments, 
this nuclear spin polarization is bi-directional, allowing the electron-f nuclear spin system to track 
the changes in laser frequency dynamically on both sides of the quantum dot resonance. Our mea- 
surements reveal that the confluence of the laser excitation and nuclear spin polarization suppresses 
the fluctuations in the resonant absorption signal. A master equation analysis shows narrowing of 
the nuclear Overhauser fleld variance, pointing to potential applications in quantum information 
processing. 

PACS numbers: 



A number of ground-breaking experiments have 
demonstrated fundamental atom-like properties of quan- 
tum dots (QD), such as photon antibunching [l| and ra- 
diative lifetime limited Lorentzian absorption lineshape 
of optical transitions. Successive experiments using 
transport 0] as well as optical spectroscopy [3] however, 
revealed that the nature of hyperfine interactions in QDs 
is qualitatively different than that of atoms: coupling 
of a single electron spin to the mesoscopic ensemble of 
^ 10^ QD nuclear spins results in non-Markovian elec- 
tron spin decoherence Q and presents a major drawback 
for applications in quantum information science. Never- 
theless, it is still customary to refer to QDs as artificial 
atoms; i.e. two level emitters with an unconventional de- 
phasing mechanism. Here, we present resonant absorp- 
tion experiments demonstrating that for a wide range of 
system parameters, such as the gate voltage, the length 
of the tunnel barrier that separates the QDs from the 
back contact and the external magnetic field, it is impos- 
sible to isolate the optical excitations of QD electronic 
states from a strong influence of nuclear spin physics. 
We determine that the striking locking effect of any QD 
transition to an incident near-resonant laser, which we 
refer to as dragging, is associated with dynamic nuclear 
spin polarization (DNSP); in stark contrast to previous 
experiments d, 0, H, H, [13, [HI, [l3l the relevant nuclear 
spin polarization is bi-directional and its orientation is 
determined simply by the sign of the excitation laser de- 
tuning. We find that fluctuations in the QD transition 
energy, either naturally occurring or introduced by ex- 
ternally modulating the Stark field, are suppressed when 
the laser and the QD resonances are locked. We also find 
that when the exchange interaction between the confined 
QD electron and the nearby electron Fermi-sea that leads 
to spin-flip co-tunneling is sufficiently strong, it can 



suppress the confluence of laser and QD transition ener- 
gies by inducing fast nuclear spin depolarization [l^ . 

Locking of quantum dot resonances to an inci- 
dent laser 

For a single-electron charged QD, the elementary op- 
tical excitations lead to the formation of trion states 
(X~) which are tagged by the angular momentum projec- 
tion (pseudo-spin) of the optically generated heavy-hole 
(Fig. lA). In the absence of an external magnetic field 
(Scxt = T), the absorption lineshape associated with 
these optical excitations are Lorentzian (Fig. IB), with a 
linewidth /S.v ^ 2.0 F; here, F 1 /icV is the spontaneous 
emission rate of the trion state. For _Boxt > 100 mT, 
the coherent coupling between the (ground) electronic 
spin states induced by the transverse component of the 
(quasi-static) nuclear Overhauser field is suppressed [3 '■ 
in this limit, the optical excitations of the QD can be con- 
sidered as forming two weakly coupled two-level-systems 
(Fig. lA), where the blue (red) trion transition is asso- 
ciated with a QD electron initially in state | tz) (I iz))- 
Figure IC shows absorption measurements carried out at 
Scxt — 4.5 T when the laser field with frequency uj-l is 
tuned across the blue-trion resonance (transition energy 
hujx)- For a laser that is tuned from an initial blue- 
detuning to a final red-detuning with respect to the QD 
resonance (red line in Fig. IC), we find that the absorp- 
tion is abruptly turned on when we reach wl ~ ijJx + 2Ai^; 
the absorption strength then remains essentially fixed at 
its maximal value until we reach ^ i^x — TAv, where 
it abruptly goes to zero. A laser scan in the opposite di- 
rection (blue line) shows a complementary picture with 
the trion absorption strength remaining close to its peak 
value for laser frequencies that are blue detuned from the 
bare trion resonance by as much as lAv. The absorption 
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Figure 1: Figure 1(A) Dragging of quantum dot res- 
onances. Energy-level diagram of a single-electron charged 
quantum dot: external magnetic field enables spin-selective 
excitation of Zeeman split trion (X^) states. Right-hand cir- 
cularly polarized laser with Rabi frequency (blue arrow) 
and detuning Aoj = tJx — ^-l couples the higher energy Zee- 
man branch between the spin-up electron ground state | j) 
and the trion state | Titl"). The relevant decoherence processes 
(radiative decay F, co-tunneling Kct and heavy-hole/ligh-hole 
mixing 7hh-ih) are indicated by grey arrows. (B), (C) Trion 
absorption spectra at zero magnetic field (Lorentzian fit with 
a linewidth of 2 /xeV) and at 4.5 T, respectively. For magnetic 
fields exceeding 1 T, the on-resonance scattering is maintained 
over many natural linewidths to both sides of the bare reso- 
nance depending. Red (blue) spectra show data obtained by 
tuning the laser from an initial blue (red) to a final red (blue) 
detuning from the quantum dot resonance. The green trace 
shows the energy range over which resonant absorption is re- 
covered in fixed laser detuning experiments (see Figure 3C). 
(D) The dragging efi'ect is even more prominent in the ab- 
sorption spectra of the blue Zeeman branch of the neutral 
exciton X". In all experiments, the temperature was 4.2 K. 



scans of Fig. IC show that the trion resonance locks on to 
the laser frequency and can be dragged to either higher 
or lower energies by tuning the laser frequency, provided 
that the scan frequency-step size is small. We observe 
this dragging effect for a wide range of laser Rabi frequen- 
cies r^L ranging from ~ 0.3 F to SF. We also emphasize 
that dragging is not a simple line-broadening effect: the 
area of the absorption curve is an order of magnitude 
larger than its i?oxt = T counterpart. 

It is well known that the optical response of a neutral 
QD for i?cxt < 1 T is qualitatively different, owing to the 
role played by electron- hole exchange interaction [1^ . To 
assess the generality of the dragging phenomenon, we in- 
vestigated the response of a neutral QD for Bcxt > 2 T: 
despite an energy level diagram that is substantially dif- 
ferent than that of a single-electron charged QD, the 
bright exciton transitions of a neutral QD exhibit ab- 
sorption lineshapes (Fig. ID) that are qualitatively sim- 
ilar to that of a trion. In fact, we observe that typical 
dragging widths for neutral QD exciton transitions are 
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Figure 2: Figure 2 Dependence of dragging on sys- 
tem parameters. Two dimensional absorption maps of the 
blue trion Zeeman branch as a function of gate voltage and 
laser energy. Red (blue) arrows indicate the scan direction 
with decreasing (increasing) laser detuning AtJ = wx — (^l. 
(A) Absorption map recorded at 4.5 T for a quantum dot 
in sample A with a 25 nm tunneling barrier: the data was 
obtained by keeping the laser energy fixed and scanning the 
gate voltage. The inset illustrates the exchange coupling to 
the Fermi reservoir that flips the quantum dot electron spin 
via co-tunneling events. The co-tunneling rate is minimum in 
the center and maximum at the edges of the stability plateau; 
the dragging width scales inversely with the co-tunneling rate 
Kct. (B) Absorption maps of a quantum dot in sample B with 
a 43 nm tunneling barrier that were obtained by scanning the 
laser at a fixed gate voltage in external magnetic fields of 2 T 
(upper panel) and 6 T (lower panel). Finite absorption con- 
trast is restricted to the edge of the single-electron charging 
plateau due to electron spin pumping. The set of data is com- 
plementary to (A) and shows that dragging is independent of 
whether the laser or the gate voltage is scanned. The drag- 
ging width increases sub-linearly with increasing strength of 
the external magnetic field. 



significantly larger than that of trion transitions [27|. 

Further insight into the locking phenomenon depicted 
in Figs. IC-D can be gained by studying its dependence 
on basic system parameters. Figure 2 shows the two- 
dimensional (2D) map of resonant absorption as a func- 
tion of laser frequency and gate voltage Vg for two differ- 
ent sample structures exhibiting radically different ranges 
of the co-tunneling rate. Fig. 2A shows the 2D absorp- 
tion map of a QD that is separated from the Fermi sea by 
a 25 nm GaAs barrier (sample A): each horizontal cut is 
obtained by scanning the gate voltage for a fixed laser fre- 
quency. Red (blue) bars show data obtained by scanning 
the gate voltage such that the detuning Alj = ljx ^ ^^l 
decreases (increases). We estimate the co-tunneling rate 
Kct for this sample at the center of the absorption plateau 
(V^ = 200 mV) to be 1 X 10^ s^^ from electron spin pump- 
ing experiments carried out at i?cxt = 0.3 T [ij]. We ob- 
serve that the bi-directional dragging effect is strongest 
in the plateau center and is completely suppressed at the 
edges (Vg ~ 160 mV and Vg ~ 260 mV). 

Figure 2B shows absorption maps for a QD that is 
separated from the Fermi sea by a 43 nm tunnel barrier 
(sample B) at two different values of Scxt (2 T and 6 T): 
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each vertical cut is obtained by scanning the laser energy 
for a fixed gate voltage. The data presented in Fig. 2B 
is obtained for a narrow range of Vg near the edge of 
the charging plateau: the large tunnel barrier drastically 
suppresses the tunnel coupling, such that the highest co- 
tunneling rate (obtained at the plateau edges) coincides 
with the lowest rate obtained for sample A [2g. Conse- 
quently, bi-directional dragging in sample B extends all 
the way out to the edge of the charging plateau, while in 
the plateau center absorption disappears completely due 
to electron spin pumping into the | J, 2) state [l5| . The 
overall range for dragging is ~ 40 fieV (~ 20 /ieV) for 
-Bext = 6 T (-Bcxt = 2 T) and is symmetrically centered 
at the bare transition energy. Further experiments 
carried out on sample C (not shown) with QDs separated 
by a 15 nm tunnel barrier from an electron reservoir and 
exhibiting Kct > T throughout the plateau, did not show 
dragging effects. These results show that locking of QD 
resonance to the incident laser energy is possible pro- 
vided that the co-tunneling rate of the QD electron sat- 
isfies Kct < 10® s~^ [HI. Experiments carried out on QDs 
in all samples showed that the dragging width increases 
sub-linearly with B^xt beginning at ~ 1 T. 
Bi-directional nuclear spin polarization 
The disappearance of dragging with increasing co- 
tunneling rate or vanishing external magnetic field 
strongly suggest that locking of the QD optical transi- 
tion to the laser frequency is associated with DNSP. Re- 
cent studies carried out with laser fields resonant with 
the excited state transitions of QDs have shown that 
the nuclear spin depolarization rate has a strong depen- 
dence on the electron spin co-tunncling rate [ij; these 
experiments also demonstrated that when the QD is neu- 
tral, the nuclear spins do not depolarize even on time- 
scales exceeding an hour [l8|. To confirm that DNSP 



indeed plays a key role in our experimental findings, we 
have carried out experiments to determine the relevant 
time scales for the buildup and decay of the locking phe- 
nomenon in a regime of minimum exchange coupling to 
the reservoir [30l |. 

Figure 3A presents a set of experiments that reveal the 
timescales associated with the decay of the DNSP gener- 
ated during dragging, for the trion transition in sam- 
ple A at Bcxt = 4.5 T. The procedure used in these 
experiments is to first drag the QD trion transition by 
about bAv to the red side of the bare resonance wx, 
and then to abruptly change the detuning between the 
trion and the laser field by a millisecond voltage ramp. 
The effect of this ramp is to set a new detuning con- 
dition wx — i^L l£ 4Ai', which in turn results in an 
instantaneous loss of the absorption contrast. Wc ob- 
served that after a waiting time on the order of seconds, 
the initially vanishing absorption strength recovered its 
maximum value (Fig. 3A, red-coded data). By repeat- 
ing this experiment for a set of final detunings ranging 
from AAiy to 0, we determined the characteristic expo- 
nential timescale for contrast recovery to be 5 sec. When 
we repeated the same experiment by first dragging the 
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Figure 3: Figure 3(A) Bi-directional nuclear spin po- 
larization. Decay of nuclear spin polarization determined 
by measuring the recovery of resonant absorption. The nuclei 
are dynamically polarized by voltage-controlled dragging up 
to 10 /leV, such that the resulting Overhauser field red (blue) 
shifts the trion transition, as indicated by arrow 1 in the inset. 
A millisecond voltage ramp (arrow 2) takes the trion transi- 
tion into a new detuning condition | oJx — wl | < 8 neV and is 
accompanied by an instantaneous loss of the resonant absorp- 
tion contrast. The recovery of the full contrast after a time 
At indicates that the nuclear spin polarization has decayed 
to reestablish the resonant scattering locking condition. The 
decay is exponential (solid curves in A) with decay constants 
Td = 3.7 ± 0.7 sec for blue and 4.9 ± 0.9 sec for red laser 
detunings, respectively. (B) Time-trace of the on-resonance 
signal along the dashed line in A, demonstrating the bi-stable 
behavior of the absorption strength. (C) Buildup of nuclear 
spin polarization: the nuclear spins are first depolarized by 
keeping the gate voltage in a region of fast co-tunneling. Af- 
ter depolarization, a finite detuning of the laser from the trion 
transition is realized within milliseconds by abruptly chang- 
ing the gate voltage. The buildup time leading to maximum 
absorption contrast, associated with the build-up of the Over- 
hauser field, is exponential (solid lines with rb = 3.6 ±0.8 sec 
for blue, and 2.1 ± 0.7 sec for red laser detunings). (D) Sim- 
ulation of the quantum dot level populations in steady-state 
for the experiment described in C. (E) Probability distribu- 
tion p(/z) for obtaining a value 7z of the Overhauser field for 
a detuning range ( — lOA:^, A;/). The simulation shows bidi- 
rectional nuclear spin polarization as well as a reduction in 
the Overhauser field variance when the system is locked on 
to resonance. (F) A vertical line cut from E at zero (large) 
laser detuning plotted using red (black) dashed line. 



trion resonance to the blue side of the bare resonance 
and monitoring absorption for a final set of detunings 
satisfying lux ~ 'j-'l > — 4Az/, we determined a contrast 
recovery time of Td = 4 sec (Fig. 3A, blue-coded data). 
These results provide information about the decay time 
of the DNSP that is built up during the dragging process; 
as DNSP decays in the absence of a resonant laser, the 
Zceman shifted trion resonance frequency changes until 
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it once again reaches resonance condition with the laser 
field [Slj. The DNSP decay times that we determine 
arc in agreement with the values one would extrapolate 
from earlier experiments where Kct 10® s""'^ resulted in 
DNSP decay times on the order of few milliseconds at 
Bcxt = 0.2 T When we repeated the experiment of 
Fig. 3 for the neutral QD cxciton transition, we observed 
that the absorption contrast for j^x ~^h\ < 4Az^ always 
remained zero, indicating that the DNSP decay time was 
much longer than our measurement time of ~ 1 hour; 
this observation is in perfect agreement with earlier ex- 
periments [13 . Finally, we remark that the bistable be- 
havior of resonant absorption contrast that is evident in 
vertical line cuts taken from the data in Fig. 3A (shown 
in Fig. SB) is very characteristic of nonlinear nuclear spin 
dynamics in QDs [lol. 

Figures 1 and 2 demonstrate that the response of a 
QD to a given laser detuning strongly depends on how 
the system reaches that particular detuning. To deter- 
mine the QD optical response in the absence of such 
memory effects, we have carried out another set of ex- 
periments, where we first set the laser frequency to a 
large negative detuning with completely negligible ex- 
citation of the trion and kept the QD in a parameter 
regime with a strong co-tunneling rate for several sec- 
onds. This procedure allows the QD nuclear spins to 
thermalize with the lattice, which in turn ensures vanish- 
ing nuclear spin polarization. We then abruptly changed 
the voltage in milliseconds timescale, thereby instanta- 
neously establishing jwx — wl| < 7Au. Subsequently, we 
observed the time-dependence of the absorption signal at 
this fixed detuning. Figure 3C shows that for a detuning 
range of 3Ai^ > \lox —lui^\> Av, the absorption strength 
grows from zero to its maximum value on a timescale 
of a few seconds while within \lux — '^'lI < Av the on- 
resonance condition is established on a timescale below 
the temporal resolution limit of a few milliseconds in our 
experiment. Even though the frequency range over which 
the QD is able to lock on to the laser field is identical for 
red and blue detunings, the absorption recovery time is 
a factor of 2 slower for a laser that is tuned to the blue 
side of the bare trion resonance. We also note that the 
frequency range over which full absorption is recovered in 
these fixed laser frequency dragging experiments (green 
curve in Fig. IC and Fig. 3C) is narrower than that of dy- 
namical dragging bandwidth obtained by tuning the laser 
across the resonance (red and blue curves in Fig. IC). 

Perhaps the most unexpected feature of our experi- 
ments is the remarkably symmetric dragging effect that 
indicates bi-directional DNSP; this observation is in stark 
contrast with recent experiments which demonstrated 
unidirectional dragging of the electron (microwave) spin 
resonance and the bi-stability of the coupled QD electron- 
nuclei system [l^. These results, obtained concurrently, 
could be understood as arising from a dominant nuclear 
spin pumping process that is a nonlinear function of the 
degree of DNSP and c omp etes with the nuclear spin de- 
polarization processes (20l [2l[ . 



We understand the bi-directionality of DNSP by con- 
sidering that the optical excitation of the QD blue-trion 
transition (Fig. lA) induces two competing nuclear spin 
pumping processes that try to polarize QD nuclear spins 
in two opposite directions and that have a different func- 
tional dependence on the laser detuning Auj ~ ujx — wl; 
here uox is the QD blue trion transition energy shifted 
by DNSP. As we argue below, the reverse- Overiiauscr 
process [l^ that polarizes the nuclear spins along +z di- 
rection depends linearly on the absorption rate W^hs = 
uj'lr/{Auj'^ + r^) from the | tz) state and dominates for 
large \ Auj\ (s^. In contrast, the Overhauser process that 
polarizes the nuclear spins along —z scales as W^bs 
determines the direction of DNSP for small values of | Aa;| 
[33! . The two opposing processes balance each other out 
at a finite red or blue detuning po| . The red detuning 
((Dx > '-^l) where the net polarization rate vanishes is 
a stable point of the coupled system: tuning the laser 
closer to (away from) resonance would lead to an en- 
hanced Overhauser (reverse-Overhauser) process which 
would ensure that the trion resonance is blue (red) shifted 
until the stable point is once again reached. In addi- 
tion to the Overhauser and reverse-Overhauser channels, 
there are pure DNSP decay processes that are induced 
either by exchange interactions with the Fermi sea or by 
electron-phonon interactions. 

The interplay between the two polarization channels 
ensures that DNSP in either direction can be attained 
[3^ ; the maximum DNSP that can be achieved is in turn 
determined by the co-tunneling or phonon assisted DNSP 
decay processes. To gain further insight into this inter- 
play, we have solved the master equation describing the 
evolution of the coupled electron-nuclear spin system in 
steady-state: to obtain a tractable master equation for 
1000 spins, we have modeled the nuclear spin system 
in the Dickc basis of collective spin states |I, Iz) having a 
total angular momentum I (0 < / < A^/2) and that cou- 
ple to the QD electron via hyperfine interaction. States 
belonging to different I but having identical spin pro- 
jection /z along iJoxt are assumed to be coupled weakly 
by incoherent jump processes (35j . The overall contri- 
bution of each / to the coupled dynamics is weighted by 
the number D{I) of allowed permutation group quantum 
numbers associated with that total angular momentum 
[2^ . The master equation is obtained by first applying a 
Schrieffer- Wolff transformation that eliminates the fiip- 
flop terms of the hyperfine interaction, and then tracing 
over the electron-spin and radiation field reservoirs in the 
Born-Markov limit. 

Figure 3D shows the steady state electron spin and 
trion populations evaluated for a range of fixed laser de- 
tunings using this procedure. The trion population as a 
function of the laser detuning is a direct measure of the 
absorption strength that we experimentally determined 
in Fig. 3C: we observe that our model reproduces the 
broadened absorption profile but does not capture the 
sharp change in the absorption strength that we observe 
experimentally. This discrepancy is most likely due to 
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Figure 4: Figure 4(A) Suppression of fluctuations in 
quantum dot resonance frequency. Suppression of the 
fluctuations in tlie resonant absorption signal when the drag- 
ging condition is satisfied in sample B. Upper panel: the mea- 
sured absorption contrast as a function of time at a fixed laser 
at Bext = T in the presence of a 1 Hz sinusoidal gate volt- 
age modulation. The modulation amplitude corresponds to a 
shift of the trion transition by Ai//2 starting from exact reso- 
nance condition. Lower panel: the corresponding time depen- 
dent fixed laser frequency absorption contrast at Boxt = 4 T 
when dragging is present. The signal shows full compensa- 
tion of the externally induced detuning modulation. (B) The 
fiuctuations in the resonant absorption signal observed for the 
quantum dot in Sample A at T (upper panel) are suppressed 
in the presence of dragging at 4.5 T (lower panel); the data 
in both panels of (B) are normalized to peak absorption con- 
trast obtained at the corresponding magnetic field. 



the fact that our calculations give the steady-state val- 
ues which may be practically impossible to observe ex- 
perimentally. Fig. 3E shows the probability distribution 
= Si(-^zIpI^z) obtaining a specific value of 
the Overhauser field, evaluated for the same range of pa- 
rameters used in Fig. 3C: these results demonstrate that 
the bi-directional dragging indeed originates from a bi- 
directional DNSP. Perhaps more important is the fact 
that p(/z) reveals an impressive reduction in the Over- 
hauser field variance by more than a factor of 5, when 
dragging is present (Fig. 3F). 

Suppression of fluctuations in quantum dot 
transition energy 

The experiments depicted in Figs. 1-3 as well as the 
numerical results shown in Fig. 3D demonstrate the ex- 
istence of a feedback mechanism that polarizes the nec- 
essary number of nuclear spins needed to shift the tran- 
sition energy in a way to maintain resonance with the 
excitation laser. Consequently, fiuctuations in the QD 
transition energy that would normally lead to a fiuctu- 
ating absorption signal should be suppressed by such a 
compensation mechanism provided that the fluctuations 
occur within the effective feedback bandwidth. Figure 4A 
shows the time-dependence of the absorption signal for 
^ext = T and i?cxt = 4 T for sample B in the presence of 
external modulation of the trion resonance energy. The 
upper panel shows a time record of the on-resonance sig- 
nal for i?oxt = T with 10 millisecond time resolution 



and in the presence of a controlled disturbance of the 
trion transition energy. This is achieved by introducing a 
1-Hz sine modulation on the gate voltage with a peak-to- 
peak voltage amplitude corresponding to via Stark 
shift. The Ba^t = T signal on resonance clearly repro- 
duces this modulation as the transition goes in and out 
of resonance with the laser consistent with the expected 
signal drop. However, i?cxt = 4 T on-rcsonance signal 
shows complete suppression of this external disturbance 
of the transition energy (lower panel). The same experi- 
ment repeated for higher frequencies show that suppres- 
sion works at least up to 10 Hz determining the relevant 
bandwidth for Overhauser field dynamics for this par- 
ticular QD and gate voltage. When the disturbance is 
in the form of a square wave modulation of peak-to-pcak 
amplitude less than Ai^, suppression is still present, while 
beyond Az^ modulation, no suppression can be seen re- 
gardless of modulation frequency. This is consistent with 
the slow timescale of DNSP buildup of sample B in com- 
parison to the abrupt jump of the transition under square 
wave modulation. 

Even in the absence of an external perturbation, most 
QDs exhibit time-dependent fiuctuations in tJx '■ these 
fiuctuations could arise either from the electromagnetic 
environment of the QD or fiuctuating nuclear Overhauser 
field. Figure 4B (upper panel) shows a typical time 
record of the resonant absorption signal of sample A QD 
together with the corresponding distribution function for 
57 1, ~ F: in contrast to the sample B QD studied in 
Fig. 4A, we observe up to 100% fiuctuations in the res- 
onant absorption signal, which is in turn a factor of 3 
larger than our noise fioor. In contrast, for _Bcxt = 4.5T 
(Fig. 4B lower panel), we find that the fiuctuations in 
the absorption signal are reduced to the noise-fioor. The 
absorption signal occasionally drops to zero, indicating 
bistability in the response of the coupled electron-nuclei 
system to the resonant laser field. The frequency of 
jumps in absorption strength depends strongly on the 
system parameters; in particular sample B QD practi- 
cally never showed jumps during the observation period 
exceeding 10 sec. 

Having demonstrated that the locking of the QD reso- 
nance to the incident laser frequency via selective DNSP 
strongly damps out the fiuctuations in electronic transi- 
tion energy, we address the possibility of suppressing the 
time-dependent fiuctuations in the nuclear Overhauser 
field [12, [13 • Given that the effective Zeeman shift as- 
sociated with the rms Overhauser field of the QD nu- 
clei -Bnuc is comparable to the spontaneous emission rate, 
we would expect that the fiuctuations in the Overhauser 
field would lead to sizable fiuctuations of the resonant ab- 
sorption signal on time-scales that are characteristic for 
the Overhauser field (few seconds). Since we lack con- 
trolled experiments exclusively demonstrating the role of 
the Overhauser field fiuctuations on the absorption sig- 
nal, we could only claim that the experiments depicted 
in Fig. 4 provide an indirect evidence for a suppression 
of nuclear Overhauser field fiuctuations that is predicted 
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by our theoretical model (Fig. 3E and F). 

We emphasize that a narrowing of the Overhauser field 
variance would have remarkable consequences for quan- 
tum information processing based on spins. In partic- 
ular, a major limitation for experiments detecting spin 
coherence in QDs is the random, quasi-static Overhauser 
field that leads to an inhomogcncous broadening of the 
spin transition with a short Tj* time Suppression of 
the long-timescale Overhauser field fluctuations by laser 
dragging may be used to ensure that the time/ensemble 
averaged spin coherence measurements yield a dephas- 
ing time that is limited o nly by the fundamental spin 
decoherence processes [l^, [l^, [Ig . While replacing the 
more traditional spin-echo techniques with laser dragging 



would represent a practical advantage for optical exper- 
iments, a more intriguing possibility would be the slow- 
ing down of nuclear spin dynamics by a combination of 
large inhomogeneous quadrupolar shifts fl8| and drag- 
ging, which would in turn prolong the inherent electron 
spin coherence time. 
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